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 3DUWLFOH IORZ PHWKRG DQG VLPXODWLRQ
7KH SDUWLFOH IORZ PHWKRG VLPXODWHV WKH PHFKDQLFDO EHKDYLRU RI D PDWHULDO E\ UHSUHVHQWLQJ LW DV DQ
DVVHPEO\ RI FLUFXODU SDUWLFOHV WKDW FDQ EH ERQGHG WR RQH DQRWKHU 7KHVH FLUFXODU SDUWLFOHV DUH JHQHUDWHG
ZLWK DQ DXWRPDWLF SDUWLFOH JHQHUDWRU ZLWK WKHLU UDGLL EHLQJ GLVWULEXWHG HLWKHU XQLIRUPO\ RU DFFRUGLQJ WR D
*DXVVLDQ GLVWULEXWLRQ 7KH YRLG UDWLR RI WKH URFN PDVV FDQ EH FRQWUROOHG E\ DGMXVW WKH SDUWLFOHV¶ UDGLL 7KH
VWDQGDUG SURFHVV RI JHQHUDWLQJ D 3)& PRGHO LQYROYHV WKH IROORZLQJ VWHSV DVVHPEO\ SDUWLFOH JHQHUDWLRQ
SDFNLQJ WKH SDUWLFOHV LVRWURSLF VWUHVV LQVWDOODWLRQ IORDWLQJ SDUWLFOH HOLPLQDWLRQ DQG ERQG LQVWDOODWLRQ 2QFH
WKH ERQG LV LQVWDOOHG LQWR WKH QHLJKERULQJ SDUWLFOHV WKH RYHUDOO PHFKDQLFDO EHKDYLRU RI WKH DVVHPEO\ LV
GRPLQDWHG E\ WKH PLFURSURSHUWLHV IRU SDUWLFOHV DQG ERQGV >@
 6LPXODWLRQ RI SDUWLFOH IORZ
 7KH SDUDPHWHUV RI SDUWLFOHV
7KH EDVLF PHFKDQLFDO SURSHUWLHV RI URFN DUH GHWHUPLQHG LQ WKH ODERUDWRU\ E\ VWDQGDUG WHVWLQJ
PHWKRGV VXFK DV WKH FRPSUHVVLYH VWUHQJWK WHQVLOH VWUHQJWK <RXQJ¶V PRGXOXV 3RLVVRQ¶V UDWLR IULFWLRQ
DQJOH HWF 3)&' VLPXODWHV WKH PHFKDQLFDO EHKDYLRU ERWK VWDWLF DQG G\QDPLF RI D PDWHULDO E\
UHSUHVHQWLQJ LW DV DQ DVVHPEO\ RI FLUFXODU SDUWLFOHV WKDW FDQ EH ERQGHG WR RQH DQRWKHU 7KH SDUDOOHOERQG LV
DSSOLHG WR VLPXODWH WKH SURFHVV RI VHLVPLF UHVSRQVH DV WKH H[LVWHQFH RI URFN FHPHQWDWLRQ >@ 8VLQJ WKH
PLFURSURSHUWLHV OLVWHG LQ 7DE DQG WKH VWDQGDUG SURFHGXUHV D 3)& SDUWLFOH DVVHPEO\ ZDV FUHDWHG DV
VKRZQ LQ )LJ  ,Q VLPXODWLQJ WKH FRPSUHVVLRQ WHVW RI D F\OLQGULFDO VDPSOH WKLV 3)& SDUWLFOH DVVHPEO\
ZDV ORDGHG D[LDOO\ E\ PRYLQJ WKH WRS DQG ERWWRP ZDOOV WRZDUGV HDFK RWKHU DW WKH VDPH YHORFLW\ ZKLOH WKH
WZR VLGH VHUYRFRQWUROOHG ZDOOV ZHUH XVHG WR DSSO\ FRQ¿QLQJ SUHVVXUH 8QGHU D FRQ¿QLQJ SUHVVXUH RI 
 DQG 03D UHVSHFWLYHO\ D VHW RI ELD[LDO FRPSUHVVLRQ WHVWV ZDV FDUULHG RXW RQ WKLV SDUWLFOH DVVHPEO\
ZLWK WKH DVVRFLDWHG VWUHVV±VWUDLQ EHKDYLRU SUHVHQWHG LQ )LJ  DQG WKHQ D 0RKU±&RXORPE IDLOXUH HQYHORSH
ZDV HVWDEOLVKHG LQ )LJ 
%DVHG RQ WKH DQDO\VLV RI WKH QXPHULFDO WHVWLQJ WKH 8&6 RI WKH VLPXODWHG URFN LV 03D WKH
<RXQJ¶V PRGXOXV LV *3D WKH 3RLVVRQ¶V UDWLR LV  IULFWLRQ DQJOH LV  DQG WKH FRKHVLRQ LV
03D /LPHVWRQH LV WKH FRUUHVSRQGLQJ URFN DFFRUGLQJ WR UHODWHG GDWD DQG LV WKH ULJKW URFN ZKLFK
EURNH LQ 'RQJKH ODQGVOLGH LQ 4LQJFKXDQ DQG 'DJXDQJ ODQGVOLGH LQ $Q[LDQ 6R WKH SDUDPHWHUV ZHUH
DFFHSWHG LQ WKH VLPXODWLRQ
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)LJ  3DUWLFOH DVVHPEO\ IRU FRPSUHVVLRQ WHVW )LJ  6WUHVV±VWUDLQ EHKDYLRU LQ WULD[LDO WHVWLQJ
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)LJ  0RKU±&RXORPE IDLOXUH HQYHORSH IRU WKH VLPXODWHG URFN
7DE 0LFURSURSHUWLHV XVHG WR UHSUHVHQW LQWDFW URFN
3DUDPHWHUV RI WKH SDFNLQJ RI GLVNV
1RUPDO VWLIIQHVV *1P 3E VKHDU VWUHQJWK 03D
6KHDU VWLIIQHVV *1P 3E UDGLXV UDWLR 
3E QRUPDO VWLIIQHVV 03DP )ULFWLRQ RI GLVN 
3E VKHDU VWLIIQHVV 03DP 0LQLPXP UDGLXV P
3E QRUPDO VWUHQJWK 03D 5PD[5PLQ 
 7KH PRGHO
$ SUR¿OH RI WKH VORSH ZDV ¿UVW EXLOW LQ RUGHU WR SHUIRUP QXPHULFDO VLPXODWLRQ ,Q WKH QXPHULFDO
PRGHO WKH URFNV ORFDWHG XQGHU WKH VOLGLQJ VXUIDFH LH WKH IRRWZDOO DUH UHSUHVHQWHG E\ ³ZDOO HOHPHQWV´
%DVHG RQ ODUJH QXPEHUV RI LQYHVWLJDWLRQV YLEUDWRU H[SHULPHQWV DQG QXPHULFDO VLPXODWLRQV +XDQJ >@
SRLQWHG RXW WKDW VKHDU IDLOXUH LV WKH PDLQ IHDWXUH RI URFN VORSHHVSHFLDOO\ LQ WKH WRS DV WKH UHVXOW RI OHYHO
LQHUWLD IRUFHV ZKLFK FLUFOH VHYHUDO WLPHV ZKHQ HDUWKTXDNH KDSSHQV 6R D ODUJHDQJOH ZDOO ZDV EXLOW WR
VLPXODWH WKH FUDFN DQG D YHUWLFDO ZDOO ZDV FUHDWHG WR EXLOG WKH VOLGH /DQGVOLGHGHEULV IORZ LQGXFHG E\
HDUWKTXDNH DUH EDVLFDOO\ KLJK VORSH FORVH WR YDOOH\ ZLWK VWHHS VORSLQJ VXUIDFHV DQG YDVW HGJH 7KH
PHFKDQLFDO DQG JHRPHWULFDO SURSHUWLHV RI WKH HOHPHQWV DUH HYDOXDWHG DFFRUGLQJ WR JHRORJLFDO
FRQVLGHUDWLRQV 7KHQ  SDUWLFOHV ZHUH UDQGRPO\ VHW XS LQ DOO DQG  REVHUYDWLRQ SRLQWV ZHUH JHQHUDWHG
WR REVHUYH WKH GLVSODFHPHQW DFFHOHUDWLRQ DQG VSHHG WUHQGV RYHU WLPH ZKHQ HDUWKTXDNH ZDYH ZDV DSSOLHG
WR WKH PRGHO $V VKRZQ LQ )LJ VXIILFLHQW GLVWDQFH IRU VOLGH ZDV VHW ZLWK P KHLJKW DQG P ZLGWK
:KHQ VHPLLQILQLWH ERG\ VXFK DV VORSH ZDV VLPXODWHG DSSURSULDWH ERXQGDU\ FRQGLWLRQV ZHUH QHHGHG ,Q
G\QDPLF DQDO\VLV YLVFRXV ERXQGDU\ DQG IUHHILHOG ERXQGDU\ ZHUH DGRSWHG WR DYRLG XQQHFHVVDU\ HQHUJ\
UHIOHFWLRQ DQG GLIIXVLRQ
 7KH VHLVPLF ZDYH
$PHQGHG DFWXDO VHLVPLF ZDYH REVHUYHG LQ :HQFKXDQ'DJDQJ PRXQWDLQ LV DSSOLHG 9DOXH WKH
YHORFLW\ RI ORQJLWXGLQDO ZDYH NPV WKH YHORFLW\ RI WUDQVYHUVH ZDYH NPV WKH GLVWDQFH IURP HSLFHQWHU
NP Į FRXOG EH FDOFXODWHG DV  WLPH GLIIHUHQFH ZDV DERXW V &RPSRXQG VHLVPLF ZDYH LV VKRZQ LQ
)LJ
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)LJ 7KH PRGHO DQG FRQVWUDLQWV RI W\SLFDO ODQGVOLGHGHEULV IORZ
)LJ 9HORFLW\ GLDJUDP RI :HQFKXDQ HDUWKTXDNH D9HUWLFDO YHORFLW\ FRPSRQHQW E +RUL]RQWDO YHORFLW\ FRPSRQHQW
 5HVXOWV
 7KH SURFHVV RI ODQGVOLGHGHEULV IORZ FDXVHG E\ HDUWKTXDNH
$IWHU WKH XQLWV UHDFKHG WKH LQLWLDO EDODQFH WKH ZDOOV ZHUH IL[HG DQG VHLVPLF ZDYH ZDV DSSOLHG
RQ WKH ERWWRP ZDOO 7KH ZKROH SURFHVVLQJ RI ODQGVLGH ZDV VLPXODWHG XVLQJ DERYH SDUDPHWHUV
 WLPH VWHSV ZHUH FRPSXWHG LQ DOO DQG WKH VLWXDWLRQ RI PRWLRQ DQG WKH VLPXODWLRQ RI WKH
SURFHVV LV VKRZQ LQ )LJ
 7KH YHORFLW\ DQG PRYLQJ GLVWDQFH RI ODQGVOLGHGHEULV IORZ
7KH VOLGH ZDV WKURZQ RXW XQGHU WKH G\QDPLF DFWLRQ RI HDUWKTXDNH DQG ZDV GHVWUR\HG DV D
ZKROH ZLWK D IHDWXUH DV IOXLG 7KH PRWLRQYHORFLW\ FRPSRQHQW LV VKRZQ LQ )LJ
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)LJ 7KH SURFHVV RI ODQGVOLGHGHEULV IORZ FDXVHG E\ HDUWKTXDNHD  VHFRQGV DIWHU VOLGLQJ E  VHFRQGV DIWHU VOLGLQJ F 
VHFRQGV DIWHU VOLGLQJ G  VHFRQGV DIWHU VOLGLQJ H  VHFRQGV DIWHU VOLGLQJ I  VHFRQGV DIWHU VOLGLQJ J  VHFRQGV DIWHU
VOLGLQJ K  VHFRQGV DIWHU VOLGLQJ
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 DQDO\VHV RI UHVXOWV
%DVHG RQ FRPSUHKHQVLYH DQDO\VLV RI WKH UHVXOWV G\QDPLF SURFHVV RI D W\SLFDO ODQGVOLGHGHEULV
IORZ FDXVHG E\ HDUWKTXDNH KDV WKH IROORZLQJ VWDJHV DQG FKDUDFWHULVWLFV
 7KH JHUPLQDWLQJ VWDJH V̚V 7KH ZKROH ODQGVOLGH UHPDLQV VWHDG\ DW WKLV VWDJH ZLWK D VOLJKW
VOLGH DW WKH EDVDO VORSH LQGXFHG E\ LWV JUDYLW\ DQG HDUWKTXDNH ORDGV ([WUHPHO\ ZHDN FRQWDFW EHWZHHQ WKH
JUDLQV FDXVHG E\ REYLRXV GHFRPSRVLWLRQ RI WKHP SURYLGHV LQWHUQDO FRQGLWLRQ IRU WKH IXUWKHU KLJK VSHHG
DQG ORQJ UDQJH PRYHPHQW RI WKH JUDLQV (VSHFLDOO\ RQ WKH WRS WKH VORSH WKH HDUWKTXDNH ORDGV DUH HQODUJHG
WR FLUFOH KRUL]RQWDO LQHUWLD IRUFHV ZKLFK LQGXFH WKH HPHUJLQJ RI D WUDFWLRQ FUDFN
 7KH VWDUWLQJ XS VWDJH V̚V 8QGHU WKH IRUPLGDEOH DFWLRQ RI KRUL]RQWDO HDUWKTXDNH LQHUWLD
IRUFHV WKH ZKROH ORRVHQHG ODQGVOLGH ZHUH WKURZQ RXW DQG OHDSV IRU VRPH GLVWDQW LQ WKH DLU :KDW¶V PRUH
VLQFH WKH ODQGVOLGH LV DW KLJK SRVLWLRQ SRWHQWLDO HQHUJLHV DUH WUDQVIRUPHG WR G\QDPLF HQHUJLHV JUDGXDOO\
ZKLFK OHDGV WR D VSHHGXS RI LWV PRWLRQ ZLWK D PD[LPXP YDOXH RI PV
 7KH KLJK VSHHG PRWLRQ VWDJH V̚V 7KH ZKROH ODQGVOLGH GLVRUJDQL]HV E\ WKH HDUWKTXDNH
ORDGV WR GHEULV IORZ PRYLQJ DORQJ D JHQWOH VORSH IRU D ORQJ GLVWDQW 7KH PRWLRQ VSHHG LV IXUWKHU HQODUJHG
IRU PXFK PRUH G\QDPLF HQHUJLHV DUH WUDQVIRUPHG IURP WKH SRWHQWLDO HQHUJLHV 7KH ODQGVOLGH IXOO\
GLVLQWHJUDWHV ZKHQ LWV OHDGLQJ HGJHV FROOLGH ZLWK VPDOO KLOOV ZLWK D FRPSOH[ SURFHVV RI HQHUJ\ WUDQVIHU $
SDUW RI WKH URFN PDVV JDLQV HQHUJ\ DQG PRYHV ZLWK DQ H[SRQHQWLDOO\ KLJKHU VSHHG ZKHQ DQRWKHU SDUW RI
WKH URFN PDVV DFFXPXODWHV DQG VWD\V DW ZKHUH LW LV
 7KH DFFXPXODWLRQ VWDJH V̚V 7KH UHDU JUDLQV WUDQVIHU RII WKHLU HQHUJLHV WR WKH DUWHULDO
RQHV DQG DFFXPXODWH GXULQJ WKH IUHTXHQW PXWXDO FROOLVLRQV EHWZHHQ WKHP 7KHQ WKH DUWHULDO JUDLQV
NHHS PRYLQJ ZLWK PDMRU HQHUJLHV DORQJ WKH DGYHUVDU\ JUDGH QHDU WKH YDOOH\ WR D KLJK SRVLWLRQ DQG
VWRS ZKHQ WKH G\QDPLF HQHUJLHV GLVDSSHDU
 &RQFOXVLRQ
 7KH ZKROH IDLOXUH SURFHVV RI D ODQGVOLGHGHEULV IORZ FDXVHG E\ HDUWKTXDNH FDQ EH JHQHUDOO\
GLYLGHG WR IRXU VWDJHV WKH JHUPLQDWLQJ VWDJH WKH VWDUWLQJ XS VWDJH WKH KLJK VSHHG PRWLRQ VWDJH DQG
WKH DFFXPXODWLRQ VWDJH
 7KH IRUPDWLRQ RI WKH ODQGVOLGHGHEULV IORZ LV UHODWHG WR VSHFLDO JHRJUDSKLF DQG JHRPRUSKLF
VWUDWD OLWKRORJ\ DQG VFDOH RI VHLVPLF LQWHQVLW\
 7KH ODQGVOLGHGHEULV IORZ SURFHVVHV D VSHFLDO PRWLRQ IHDWXUH RI ³FROODSVH WKURXJK WKH
ERWWRP´ OLNH WUDFWLRQ FUDFN VNLS DUHD DQG VFUDPEOH DORQJ WKH DGYHUVDU\ JUDGH
5HIHUHQFHV
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